INTRODUCTION
Meniscal tears are commonly observed orthopedic pathologies and magnetic resonance imaging (MRI) has high accuracy in detecting meniscal tears. Meniscal tears appear in several different configurations and they have different clinical effects. Preoperative characterization of meniscal tears is effective on operation planning and prognosis. Therefore, attention should be paid while defining meniscal tear on MR images (1) (2) (3) (4) (5) .
Radial tears are the tears which are perpendicularly oriented to the long circumferential axis of meniscus. They may extend from the apex to the periphery of meniscus and may be fullthickness or partial thickness.If it extends from the inner part of meniscus to a certain part, it is called incomplete radial tear. It may frequently be associated with other complex tears (1, 6, 7) . The detection of radial tears on MR images can sometimes be quite difficult (6) .
Radial tears may occur secondary to trauma or degenerative changes and they may appear in both menisci at any localization (1, 2) . In case of radial tears, loss of meniscal integrity destroys the ability of meniscus to dissipate"hoop stress" and may impair the function of meniscus and may cause degenerative changes and abrasion in the affected joint (1, 2, 8) . They are usually treated with debridement. They are rarely repaired and the radiologic detection of radial tears alerts the clinician in terms of being more cautious in preoperative planning (2, 4) . The aim of this study is to correlate the MRI findings of radial meniscal tears and the pathologies of radial meniscal tears with other anatomic structures of knee.
MATERIALS AND METHODS
Three thousand one hundred twenty-three patients who had knee MRI between the dates of October 2013 and February 2017 and 3782 knee MRI examinations of these patients were evaluated retrospectively on PACS. Only the patients who revealed radial tears on MRI were included in the study. The patients who had previous knee surgery history, complex meniscal tears, and inflammatory knee pathology were not included in the study. 30 patients who had knee MRI examinations and who were detected to have radial tears radiologically were determined and their data were recorded. Out of 30 patients, 22 underwent arthroscopic operation in our center and all of them were confirmed to have radial tears in accordance with the MRI findings.
The examinations were performed using 3 Tesla MRI (Ingenia, Philips,TheNetherlands) and 16-channel SENSE knee coil in our hospital. The patient to be visualized in the MRI device was firstly placed in supine position within the MRI device in a way that their feet would come out first. The knee was placed close to the anatomical position in the coil so that it would be in slight flexion and minimal external rotation. Routinely, sagittal and axial fat-suppressed PD, coronal fat-suppressed T2, coronal PD and 3D VISTA sequences were obtained from the knee MRI of patient. The scan duration was 25 minutes in total for routine sequences. The sequence parameters that were examined in the study were given in Table 1 . The MRI images were evaluated retrospectively by two radiologists who did not see the reports before the operation, who had musculoskeletal radiology experience for 15 years and 6 years and who worked in different centers. Thirty patients on whom they reached a common consensus regarding radial tears were included in the study.
The radial tear diagnosis was made in the presence of truncation sign, cleft sign and ghostly meniscus sign. The truncation sign was defined as blunting of normal triangular meniscal contour on sagittal and coronal images. The cleft sign was defined as linear-vertical high signal extending along the meniscus on coronal or sagittal MRI images. The ghostly meniscus sign was assessed as complete absence of meniscus on MRI images that pass from the level of full-thickness radial tears (2) .
Medial meniscal extrusion is defined as significant medial displacement of medial meniscus with respect to the central margin of medial tibial plateau. Pathologic medial meniscal extrusion was defined as a distance that is ≥ 3 mm (9). Lateral meniscal extrusion was diagnosed when the longest distance from the peripheral margin of meniscal body to the peripheral margin of tibial articular cartilage was greater than 1 mm on any of the middle three coronal sections obtained through the meniscal body (10) .
The grading of cartilage pathology was performed via MRI images according to the Outerbridge classification (11). Cartilage degeneration grades according to the Outerbridge classification were as following: normal: intact cartilage; mild injury: chondral softening or swelling; moderate injury: superficial ulceration, fibrillation, fissure formation which involve less than 50% of the articular surface; advanced injury: deep ulcerations, fibrillation, fissure which involve more than 50% of the articular surface or chondral flap where the subchondral bone is not affected; full-thickness chondral injury is defined as fullthickness chondral abrasion along with subchondral bone.
The grading of ligament injuries was carried out as described in the literature. Accordingly, mild injury of crucial ligaments was defined as intraligamentary focally increased signal; partial tear was defined as intraligamentary diffusely increased signal, or partial discontinuity of fibers; complete tear was defined as complete discontinuity of ligament (12) . Grade 1 (mild injury) in collateral ligaments was described as edema in the soft tissue planes around collateral ligaments; Grade 2 (severe injury or partial tear) was described as high signal or partial absence of the collateral ligament itself in addition to grade 1 pathology; Grade 3 (complete tear) was described as discontinuity of collateral ligaments (13) .
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RESULTS
Of 30 cases who were evaluated in this study, 19 were male (63.33%) and 11 were female (36.7%). The youngest patient was 21 years old while the oldest patient was 75 years old. The mean age of the cases was 54.5 years. In 30 cases, a radial tear was detected in the medial meniscus (56.7%) of 17 case and in the lateral meniscus (43.3%) of 13 cases. Of the radial tears that were observed in the medial meniscus, eight (26.7%) were focal, nine (30%) were focal while in the lateral meniscus, nine (30%) were focal (Fig. 1A-B) and four (13.3%) were complete. Medial meniscal extrusion was observed in 11 cases (36.7%) and lateral meniscal extrusion was observed in seven cases (23.3%) ( Table 2) . In this study, the most common ligament pathology that accompanied to radial tear was found to be anterior cruciate ligament (ACL) (17 cases, 56.9%) and medial cruciate ligament (MCL) (14 cases, 46.6%). Of the cases with ACL pathology, 13 (43.3%) had mild injury, one (3.3%) had partial tear and three (10%) had full-thickness tear ( Fig. 2A-B) . Of the cases with MCL pathology, seven (23.3%) had mild injury, seven (23.3%) had partial tear. In 30 of the cases (100.0%), posterior cruciate ligament (PCL) was normal, only one (3.3%) patient had mild injury (Table 3) . When the relationship between radial tear and cartilage pathologies was evaluated; cartilage degeneration was detected in the medial femoral condyle (MFC) of 14 cases (46.6%), in the lateral femoral condyle (LFC) of 11 cases (36.7%), in the lateral tibial plateau (LTP) of 16 cases (53.3%) (Fig.3 A-B) , in the medial patellar facet (MPF) of 26 cases (86.6%), in the lateral patellar facet (LPF) of 16 cases (53.4%) and in femoral trochlea (FT) of 15 cases (50%). The least affected cartilage was medial tibial plateau (MTP) and this pathology was detected in only five (16.7%) patients (Table 4) . When the relationship between meniscus extrusion and cartilage degeneration was correlated, meniscal extrusion was observed 11 (36.7%) of the cases with radial tear in the medial meniscus (n: 17, 56.7%) and seven (23.3%) of the cases with radial tear of the lateral meniscus (n: 13, 3). The degeneration of the MFC was observed in six (20%) of 11 cases with medial meniscal extrusion and degeneration of LFC was observed in two (6,6%) of seven cases with lateral meniscal extrusion. The grade of cartilage pathology that was observed in the MFC of 11 patients with medial meniscal extrusion was normal in 10% (3/11), moderate in 3.3% (1/11) and advanced in 23.3% (7/11). The grade of cartilage pathology that was observed in the LFC of seven patients with lateral meniscal extrusion was normal in 16.6% (5/7) and advanced in 6.6% (2/7).
DISCUSSION
Menisci have important mechanical functions in the knee. They absorb the shock, distribute the load on them, aid in joint lubrication. In case of insufficiency of cruciate ligaments or other primary stabilizers, they provide stability in the injured knee (2) . Meniscal tears occur in the medial meniscus rather than the lateral meniscus. The tear is more common in the anterior horn of medial meniscus, since it is less mobile, rather than the posterior horn (6, 14) . Meniscal tears are often categorized into five types as horizontal, longitudinal, radial, oblique (parrot-beak) and complex. Among these tears, radial tear is difficult to visualize on MRI (15). Tuckman et al. (1) identified the radial tears with 68% sensitivity using the criteria such as "truncation, abnormal morphology and / or loss or absence of continuity in meniscus" on one or more MR images. In addition to the studies of Tuckman et al. (1),Harper et al. (2) increased the sensitivity to 89% by observing increased signal intensity in the field of abnormal morphology on fat-suppressed coronal and sagittal T2-weighted or fat-suppressed sagittal proton density-weighted sequences. Radial tears appear in different shapes depending on their dimensions, orientations, localizations on MRI. They may be partial or full-thickness. The most easily diagnosed type of radial tears is fullthickness tear (2).
Lerer et al. (9) reported a strong relation between medial meniscal extrusion and meniscal root pathology, radial tear and degenerative joint disease. In the studies of Costa et al. (16) , they demonstrated a significant relationship between medial meniscal extrusion and severe meniscal degeneration, advanced meniscal tears, complex tears, large radial tears, and meniscal root tears. Lee et al. (17) published that there is a high correlation between medial meniscal extrusion and meniscal root tears, degenerative joint disease, high grade cartilage defect (grade 3 and 4). In our study, only the patients with radial tears were evaluated. Medial meniscal extrusion is associated with radial tears (36.7%, 11/17). The association between lateral meniscal extrusion and radial tear is not significant (23.3%, 7/13).The body of the medial meniscus is extruded since a radial tear disrupts the circumferential fibers of meniscus. These fibers act like hoops on a wooden stave barrel and resist the outward stresses on the meniscus while bearing the weight on the knee. With disruption of these fibers by a radial tear, the body of the meniscus is displaced medially (18) . There is a significant relationship between medial meniscal extrusion and moderate to advanced cartilage degeneration (26.6%, 8/11). No significant relationship could be correlated between lateral meniscal extrusion and cartilage degeneration (6.6%, 2/7).
Takahashi et al. (19) detected a significant coexistence in their research study which was published in 2015 and which correlated the association of root/ radial tears in the posterior horn of medial meniscus and the cartilage degeneration that was detected by the T1 cartilage mapping method. They reported that the morphological factors that were observed on the MRI of medial meniscus would be useful in the early stage screening of osteoarthritis.In our study, when the relationship between degenerative cartilage pathologies and meniscal radial tear was evaluated, cartilage degeneration was detected most commonly in MPF (26/30, 86.6%) and least commonly in MTP (5/30, 16.7%) in the medial part while it was detected most commonly in LPF (16/30, 53.4%) and least commonly in LFC (11/30, 36.7%) in the lateral part.
According to our knowledge, there is no study that correlates the relationship between pure radial meniscal tears and ligament pathologies. Jeffrey et al. (10) correlated the relationship between lateral meniscal root tears (LMRT), meniscal extrusion and ACL. They stated that the patients in whom ACL tear was detected had LMRT rather than medial meniscal root tears (MMRT) and there was a relationship between LMRT, complex and radial tears and lateral meniscal extrusion. De Smet and Graf (20) reported that the patients with ACL tear had radial tears of lateral meniscus rather the radial tears of medial meniscus. In our study, the most common ligament pathology that accompanied to radial tear was full-thickness tear of ACL, without making lateral or medial discrimination. A possible mechanism is described in the literature for root tears which is a radial tear type, especially for lateral root tears: The reason is probably a relative compression of the bone insertion area of lateral meniscus during knee subluxation. It was suggested that characteristic anatomical features played an additionalrole. The anterior horn of lateral meniscus adheres to the tibia by blending partially with ACL. The anterior horn fibers of lateral meniscus are mixed with the anterior and lateral fibers of ACL. Due to the common insertion area of both ACL and the anterior horn of lateral meniscus, a tear may occur in the anterior horn of lateral meniscus during ACL injury (21) . In MCL, most frequently mild injury and partial tear were observed. While PCL was normal in all cases, and mild injury of lateral collateral ligament (LCL) was observed only one case.
CONCLUSION
Radial tears frequently occur in the medial meniscus. While a vast percentage of medial meniscal radial tears are observed as complete radial tears, lateral meniscal radial tears are mostly focal tears. Extrusion to lateral is less commonly encountered finding in lateral meniscal radial tears while extrusion to medial (≥ 3 mm) frequently accompanies to medial meniscal radial tears. There is a significant relationship between medial meniscal extrusion and cartilage degeneration. No significant relationship could be correlated between lateral meniscal extrusion and cartilage degeneration. In radial meniscal tears, ACL pathology is observed rather than PCL pathology and MCL pathologies are observed rather than LCL pathology. It is observed that medial and lateral patellar facet cartilage is frequently affected in relation to radial tear and degenerative cartilage pathology.
